Prebiotics are known as the 'food' for beneficial gut microbiota that are capable of promoting host health. Their effects depend on the product of gut fermentation or metabolites. This paper discusses the role of prebiotics on cytotoxicity, genotoxicity, and cell integrity. Metabolites produced from the fermentation of prebiotics can be used to understand gut diseases such as colorectal cancer. Fecal water from in vivo or in vitro studies can be used to understand the relationship between prebiotics and gut diseases because of its close contact with colon epithelium. Besides, fecal water has compounds that are capable of modifying colonocytes.
Introduction
The human gastrointestinal tract hosts diverse microbes such as beneficial and harmful microorganisms. Among the beneficial microbes are Bifidobacterium, Lactobacilli, Fecalibacterium, and Eubacterium, [1] whereas the harmful or pathogenic microbes include Escherichia coli and clostridia. [2] The growth of beneficial microbes is stimulated by prebiotics, such that these microbes suppress or decrease the population of the pathogens in the human gut. Prebiotics are selectively fermented ingredients that cause specific changes in the composition and/or activities of the gastrointestinal microbiota. [3] Although prebiotics have been part of the human diet for many years, their benefits were only recently discovered. [4] In recent times, several food ingredients and dietary fibres have been considered as prebiotics. However, the well-known prebiotics are inulin, fructo-oligosaccharides, and galacto-oligosaccharides. It is worth noting that for a food ingredient to be classified as prebiotic, it must fulfill the following criteria: [4] (i) resistance to gastric acidity, hydrolysis by mammalian enzymes, and gastrointestinal absorption; (ii) fermentation by intestinal microbiota; (iii) selective stimulation of the growth and/or activity of intestinal bacteria associated with health and well-being.
Modification of gut microbiota through the utilization of prebiotic and/or probiotic affects the immune system and the gut epithelium of human beings. [5] Studies on cell toxicity, gene, and membrane integrity on gut fermentation environment vis-à-vis prebiotics could clarify whether putative prebiotics are harmful to their hosts or not. In this review, we discuss the role of prebiotics on cytotoxicity, genotoxicity, and cell integrity.
Fecal water
In prebiotics research, focus on fecal water or aqueous extracts of gut fermentation is essential as this sample contains functional metabolites. Fecal water has compounds that are capable of modifying the growth of colonocytes better than in the solid phase. [6] The toxicity of fecal water depends on the metabolites that are associated with it. Several studies have associated increase in colon cancer to the significant correlation between cytotoxicity and genotoxicity of fecal water. This could be one of the reasons for using fecal water toxicity as cancer biomarkers. [7] Compounds in fecal water that are toxic to cells and DNA are bile acids, N-nitroso compounds, and heterocyclic amines. [8] A number of processed foods have been reported to be high in carcinogenic metabolites such as bile acids (in fecal water), [8] suggesting that people on processed foods could be prone to colon cancer. In addition, the fermentation of excessive protein in the gut produces isobutyrate, isovalerate, nitrogenous, and phenolic compounds that are toxic to the host.
The prebiotic oligofructose has been used to control the toxic effects of cycloalkanes, cycloalkenes, and esters on gut cells. These metabolites in fecal water samples indicate lower cytotoxicity compared with other metabolites. The effectiveness of the metabolites in reducing cytotoxicity is related to their antimicrobial and antioxidant properties. [9] Another example is konjac glucomannan (KGM; soluble fibre), which is known to reduce the cytotoxicity of fecal water just as insoluble fibre does. [10] In addition, KGM not only lowers the concentration of secondary bile acids but also increases short-chain fatty acids (SCFA) production. [11] Prebiotics should not react with the body since it is inert and harmless and must be safe when consumed. [12] Besides, prebiotics are able to defy the acidic and enzymatic nature of the small intestine and because of this, prebiotics are able to move to the large intestine where they are utilized by the gut microbiota. This mechanism improves immunity and absorption, thus reducing the risk of acquiring gastrointestinal diseases. [13] The prebiotic that enters the large intestine decreases the pH (acidic condition) of the large intestine due to the formation of SCFA. [14] The main SCFAs are acetate, propionate, and butyrate with the molar ratio of 60:20:20. Generally, the health-promoting effects of prebiotics have been associated with the production of SCFA by colonic microbiota. Apart from being able to suppress the growth of enteric pathogens through the reduction of luminal pH, SCFA also affects intestinal motility because they are rapidly absorbed by the colonic mucosa, thus contributing to the energy requirements of the host. [15] Acetate is mainly metabolized in human muscle, kidney, heart, and brain tissues. Propionate inhibits cholesterol synthesis in the liver and the regulation of adipose tissue deposition. Butyrate, which is mainly metabolized by the colonic epithelium, regulates cell differentiation. Butyrate also prevents colorectal cancer and colitis. [1] A study has been conducted regarding the toxicity where galactooligosaccharides (GOS) are force-fed to Sprague-Dawley rats at 2500 or 5000 mg/kg BW/day for a length of 90 days. A few parameters were being carefully observed such as body weights, blood chemistries, and organ weight, and other examinations had no significant toxicology effect on the rat. [16] Despite the innocuous nature of GOS in rats, utilization on human will still require further considerations. A sudden alteration in the intestinal microbiota could show adverse effects depending on the stimulated bacteria population. For example, the increase of butyrate formation by the intestinal flora metabolism with the butyrogenic substrate will lead to the growth of unwanted clostridia. [17] However, overconsumption of prebiotic may cause stomach flatus, abdominal difficulties, and even diarrhoea. A normal dosage of oligofructose and inulin ranging between 10 and 20 grams is recommended to prevent the adverse effects. In addition, a study showed that the cytotoxicity of fecal water can be reduced after the uptake of oligofructose. [18] Besides oligofructose, KGM are also known to reduce colonic toxicity in human and hence prevent colorectal cancer. [10] Cytotoxicity Cytotoxicity is defined as the negative consequences resulting from disturbance with structures and/or processes required for cell survival, proliferation, and function. [19] This causes cell necrosis (disintegration of membrane integrity) and lysis. The cells may decrease in viability by ceasing growth and dividing or even trigger apoptosis (death of program cell). Cytotoxic compounds in crude extracts kill either the target cells or the neighboring cells. Cytotoxicity screening is used to determine 'hits', i.e. the cutoff point of the minimum concentration of extracts used to stop the growth of the cells. The widely used cytotoxicity screening assay includes sulforhodamine B (SRB) and tetrazolium assay (MTT), and the comparison of both assays is summarized in Table 1. SRB assay was initially formulated as an endpoint mainly for the in vitro screening of anticancer agents. [20] The SRB dye binds protein, normally amino acid residues in trichloroacetic acid (TCA) under acidic conditions to enable the sensitive scale of the cellular protein content, resulting in rapid and visible pink-red coloration. [21] Once the proteins are stained with SRB, they are evaluated using enzyme-linked immunosorbent assay (ELISA) plate reader over a wide range of visible wavelengths. One of the advantages of the SRB assay is that samples that are fixed with TCA and stained with SRB can be stored indefinitely without degeneration. The SRB assay, which is closely related to in vivo toxicities, is a potential assay for in vitro toxicological studies because of its nature against operator bias, absorbance sensitivity, and long-term stability. [22] Fig. 1 shows the flow chart of cell passaging and the basic procedure for the SRB bioassay.
The MTT assay is suitable for high-throughput screening in a 96-well format. [23] Formazan is produced through cells activity such as the reduction of tetrazolium salt. [24] Cell activity refers to the cleavage of the tetrazolium ring of mitochondria in cells and this is why the MTT assay assesses only viable cells. [25] The sites where mitochondria dehydrogenase are present convert the yellowish soluble salt to purplish insoluble formazan. Formazan, which is soluble in organic solvent such as dimethyl sulfoxide, is quantified using spectrophotometry. [26] Thus, the ability to reduce MTT to formazan provides a denotation to the integrity and activity of mitochondria. [21] Fig. 2 shows the flow chart of cell passaging and the basic procedure for the MTT bioassay.
A study has revealed that prebiotics prevents cytotoxicity because they protect colorectal adenocarcinoma cells (HT-29 cell line against cytotoxicity). [27] In that study, fecal water was analysed for bile acid content (lithocholic and deoxycholic acids) using Matrix-assisted laser desorption/ ionization-time of flight-mass spectrometry (MALDI-TOF-MS). In an MTT assay with prebiotics (inulin and lactulose), in vitro cells survival increased by 100% for deoxycholic acid, by 30% for lithocholic acid, and by 40% for fecal water. Using wheat bran extract and oligofructose in a doubleblind, crossover randomized controlled human trial, the presence of this prebiotic resulted in significant reduction in the cytotoxicity of fecal water. [18] In the intestinal barrier modulation of prebiotic and probiotic, intra-epithelial lymphocytes (CD8+) shut the epithelial barrier response to cause cytotoxicity. [28] Commensal microbes and probiotics are assisted by prebiotics to compete for nutrients and binding sites on the cell surfaces of pathogenic organisms. Probiotics affect mucin expression and the secretion of mucus from goblet cells (GoC), whereas IgA neutralizes the pathogens in the mucus layer known to be controlled by polymeric immunoglobulin receptor-mediated (pIgR) transcytosis. Antimicrobial peptides are induced by probiotics against pathogens in two ways, directly as bacteriocins or indirectly by activating the epithelial cells to produce defensins. Cytotoxic foreign substances are killed due to the activation of the production of natural killer (NK) cell (IL-12 and IL-15) by antigen-presenting cells (APCs). The default setting of APCs is to present safe commensal peptides. In this case, it is the probiotics that activate the tolerogenic mechanism, suppressing the T-effector. Otherwise, if pathogenic peptides are detected, the tolerogenic mechanism is bypassed such that T-effector is initiated. For example, type-1 T-helper (Th1) responds to intracellular pathogens, type-17 T-helper (Th17) is for fungal protection whereas type-2 T-helper (Th2) is for extracellular pathogens. Appropriate modulation is essential for the prevention of allergy, bowel inflammation diseases, and tumour formation. For coeliac disease, because gluten (α-gliadin) from wheat is not tolerated by the gut, it causes discomfort in the digestive tract. [29] Genotoxicity Genotoxicity is the property of chemical agents that damages the genetic information in cells such that mutations leading to cancer occur. The techniques that are used to examine genotoxicity include the Ames test, the SOS chromo test, and the Comet assay. The Ames test is used to examine the mutagenic potency of test chemicals using preexisting mutated Salmonella strains that inhibit amino acid histidine synthesis. This prevents bacterial colonies formation. [30] However, if any other mutations take place in the genes, the preexisting mutated gene is recovered, thus enabling the synthesis of histidine. Initially, it has the mutated histidine-genotypic, but because of a secondary mutation, histidine-reverts to histidine+ genotypic to produce amino acid histidine. This leads to the growth of the bacterial strain in media, which are deficient in histidine. [31] This is why the reversal of histidine is referred to as the reversion assay.
The SOS chromo test is a typical test to evaluate chemicals that cause damages to the gene. It is a shortterm colorimetric assay that uses Escherichia coli PQ37 as a specific mutant. [32] The SOS chromo test responds rapidly (few hours). Besides, the chromo test requires only a single tester strain. [33] The SOSinducing signal occurs when DNA stops replicating itself after exposure to genotoxic agents. Once the repressor is cleaved, genes sfiA and lacZ fuse together to promote the induction of β-galactosidase activities. [34] The β-galactosidase activities are evaluated using 5-bromo-4chloro-3indolyl-β-D-galactosidase using the X-gal method. [35] In the Comet assay, the cells are placed in agarose, laid on a microscope slide, lysed with specific lysis solution, namely concentrated aqueous table salt and sarcosinate, to free the DNA. Afterward, the cells are treated under alkaline conditions followed by staining using either cyanine dye or ethidium bromide prior to electrophoresis. Finally, the comet scores are analysed using computer software. [36] The results obtained will show various figures with head and tail that resemble a 'comet'. The DNA strand breaks are rapidly detected based on the migrating denatured DNA fragments during electrophoresis. [37] The DNA remaining in the comet head denotes undamaged DNA, whereas the comet tail denotes damaged DNA. The damaged DNA is exemplified visually or scored using a software. [38] Few studies have demonstrated how prebiotics and/or probiotics reduce cell genotoxicity. When probiotic microorganisms such as Bifidobacterium Bb12 and Lactobacillus plantarum were incubated with fecal water, genotoxicity was reduced. [39] Fecal water-induced DNA damage was also reduced from supernatants incubated with fructo-oligosaccharides-based prebiotic. [39] Both Lactobacillus and Bifidobacterium species have been used to reduce metabolites and enzymes that are linked to the production or activation of carcinogens, where the consumption of probiotic mix, i.e. Lactobacillus paracasei Lpc-37, Lactobacillus acidophilus 74-2, and Bifidobacterium animalis subsp. lactis DGCC 420, can lower the genotoxic potential of fecal water in atopic dermatitis patients. [40] Furthermore, oral consumption of Lactobacillus acidophilus 145, Bifidobacterium longum 913, and Bifidobacterium animalis subsp. lactis DGCC 420 results in fecal water with lower genotoxic. [40] Cell membrane integrity
The cell membrane is composed of lipid bilayers that act as a barrier to enable substances to enter or exit the cell. When the membrane integrity is destroyed or weakened by test compounds, it loses its function, thus causing foreign substances to enter the cell. This results in necrosis and apoptosis. The cytoplasmic contents are released into the surrounding tissue due to the loss of cell membrane integrity. Moreover, the release of cytoplasmic contents leads to signal transmission (chemotactic signal) that has been implicated in cells inflammation. [41] This process occurs either sequentially or simultaneously contingent upon the toxicity of the test compound. A cell with degraded membrane is unable to withstand external osmotic pressure and harmful substances.
In vitro measurement of cell membrane is performed through the assessment of cells tight junction integrity. Tight junction (zonula occludens) is a connector between adjacent epithelial cells that maintains the cell membrane integrity [42] and regulates solutes movement across the epithelium. [43] To determine the integrity of tight junctions physiological changes, trans-epithelial electrical resistance (TEER) is determined using Epithelial Voltohmmeter (EVOM). [44] The TEER readings are taken after the cells had been seeded into Transwell® insert and are polarized after days of incubation. The Transwell® has inner and outer compartments that depict apical (lumen) and basolateral (extracellular fluids) layers in vivo. A decrease in TEER value (Ohm) indicates a weakening of the cell tight junction, thus suggesting a potential decrease in resistance that could cause death. [45] This increases ion fluxes between the areas of medium and cells. [46] One of the significant biomarkers of colorectal cancer is the leaking and weakening of the tight junction. [47] The missing or lack of tight junctions is due to the modification of the adhesive properties of tumour cells. [48] Studies show that there is a significant difference in the number of tight junctions of normal and tumour cells. The number of tight junctions in normal cells is higher compared with those of tumour cells. [48] Colon tumours are observed to have more 'leakier' tight junctions compared with those of normal colon cells. This enhances the permeability of epithelium and at the same time decreasing the barrier function. [42] Prebiotics and probiotics can be used to tighten junctions of tumour cells, e.g. TNF-α can induce Lactobacillus and Bifidobacterium species to prevent the disruption of epithelial barrier of the human intestine. [49] Moreover, accession of TNF-α can induce Bifidobacterium to repair lesions in Caco-2 cell monolayers. SCFAs such as butyrate, which is produced during the fermentation of prebiotics, can improve the integrity of tight junctions. Studies have revealed that different relevant SCFAs are related to the paracellular permeability of the Caco-2 cell line model, and butyrate, in particular, not only reduces mannitol flux but also increases TEER in a concentration-dependent manner. [50] Additionally, the paracellular permeability of cells is reduced with the possibility of more differentiated phenotypes of the cells. Studies on the mode of action of butyrate vis-à-vis tight junction cells integrity are currently limited to morphology, gene transcription, protein synthesis, β-oxidation, cell proliferation, and differentiation. [50] In terms of morphology, there are no major differences between control cells and butyrate-treated cells such as swelling of cell and multilayer of Caco-2. For the gene transcription and protein synthesis aspect, the TEER is dependent on both, e.g. actinomysin D and cycloheximide as RNA synthesis inhibitors, where both completely inhibit butyrate effect on Caco-2 cells. For the cellular oxidation (β-oxidation) inhibition aspect of butyrate, the post-effect of sodium hydrosulphate (NaSH) is determined on the butyrate-mediated effect of cell stimulation. Significant increase in TEER values is shown when NaSH is present in butyrate. This observation has been reported to be similar when butyrate was supplemented without NaSH, suggesting that NaSH has no additional effect on butyrate activities. For cell proliferation and differentiation, a study showed that cell proliferation can be reduced with the treatment of butyrate after 48 h due to a lesser thymidine incorporation by Caco-2 cells. This is confirmed by the reduction in total cellular protein. [50] 
Conclusion
Prebiotics can potentially serve as functional food ingredients to improve or maintain gut health. This is possible through increasing the population of beneficial gut microbiota while suppressing the harmful ones. Carbohydrate-based prebiotic undergoes saccharolytic fermentation in the gut to produce beneficial metabolite, namely SCFAs. However, protein metabolism by pathogenic microbiota such as Escherichia coli, Clostridium, Streptococcus, and Staphylococcus can produce detrimental metabolites such as ammonia, amines, branched chain fatty acids, and phenolic compounds. The metabolites can damage the colonic epithelium and the associated gene. They can also compromise cell membrane integrity. Excessive fermentation of proteins, especially in the distal colon, has been linked to diseases such as colorectal cancer and inflammatory bowel diseases. Therefore, it is essential to asses these metabolites in the fecal phase in vitro and/or in vivo and clinically. Information on cytotoxicity, genotoxicity, and cell integrity of particular metabolites can be used as a biomarker, especially for colorectal cancer evaluation. This information could guide scientists to further understand how a prebiotic ingredient acts in the colonic environment. This will certainly boost confidence and acceptance among scientific community, regulators, and consumers of prebiotics.
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